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ABSTRACT 



PROBLEM TO BE SOLVED: To provide a device simultaneously carrying out 
dispersion compensation of wavelength dispersion and wavelength dispersion 
slope actually accumulated to optical fiber in multiple channels and in 
multiple wavelength ranges by having an arbitrary wavelength dispersion and 
a wavelength dispersion slope generated. 

SOLUTION: In the device, beams of each wavelength output ted in angular 
dispersion from a VIPA board are converged by a lens, diffracted by a pair 
of gratings that also double as an optical path deviation generating means 
and an optical path deviated quantity varying means and deviations in the 
optical paths of beams of different wavelength are generated. Thus, when 
the beams are reflected on a dispersion flattening 3 dimensional mirror and 
inputted again to the VIPA board, the wavelength dispersion quantity that 
is different for each wavelength can be realized since each wavelength hits 
a part of the 3 dimensional mirror with a different dispersion compensating 
quantity and therefore, adjustment of the dispersed quantity of WDM beam 
over all wavelength and adjustment of the wavelength dispersion slope can 
be carried out independently. 
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U-h- 1 2 OfCttt-SSilfJHC^oT— ^©(gp^ tT- 
El^ti^o CCT-, t(4, 71/- h 1 2 0cdJ¥£T-& 
So Sift 1 3 4tc45(t-5t:-A^iX h©<5g«4. gift 

mz&%.$ n ztiztMD&mzmm-rz 

>&mi.te<.^ fiSftl 3 4*^CD7t(4an{C^F*U, A^3 
ft 7 7ffl«St^o-r^'5:S^(p)(CgJSt-S¥ff7fe 1 3 
6£ff^-tSo 

[o o 3 8] ytms&oimmit. d = 2 1 s i nex-$> 
»->, mmtz>ftuom$&&e>m£s 2tcosaT-fe 
So ftftm±, ^necD2o(7)fifl©iy-&(ciEtt^j-rs„ 
^-*t>*». c o t eizttmtZo z(D$&m, vipa(4 

[0 0 3 9 ] 07*»e>HBe>a»fc<fc-5£x rvirtually I 
maged Phased Arrayj ffllgte^ £tftl3 40ie 

^j* s ffM$ns«^*^^snfe*©T-*So ra8i4, 

*&W(DnffiMmizJ:Zm6lziri-rv I PA7 6C0 I X 
- I X©^tC?&ofe^®f®S:^t-|aT-&So 
[0 0 4 0] 08 last, 7*1/- h 1 2 0£tt£S*E 
12 2, StF 1 2 4 *sfeSo SWffl 1 2 2 &7>* 1 2 4 
(4, Sn(c¥frT-& K>yv-Y \2 Q<Dm$ t (DfSmr: 
BBS^-JXT^So S!WH 1 2 2 2fclM 2 4(4, 7*U— h 
1 2 OtCBBiS^nSftMW^MItBIT-feSo ±83©® 
•3 , fiWB 1 2 4 ©Sl*^i4, >h-0 12 65: 

CD^'t, £4^ 1 0 0%T-aE6So SWffi 1 2 2 CC>K*M£ 
(4, 454^9 5%W±-C-SfeSo iSot, KW1 1 2 2© 
Mii*(4Sb'4€ 5 %JiJ,TT-$)SfflT-, A^JtCDW 5 %iik 
TA S S«®1 2 2-r-MilL, ft 9 5 %lil.±»ss , «^tl 
So SStSl 22M12 4GDSW3M4, 
I P A©i&{f (c(4A#^i5#l4-¥x.%^o fe/SU Sit 
1122 OfiSt^tt 1 0 0 %4 <3 'In^ < LXXmitCD- 

•5P* s iijiT-§s4?(c L&(4n(4*e*^o 

[0 0 4 1 ] SKI 1 2 4 (C(4, jeit^ 0^126 

A^i^n^So saw-f-c y Yt> i 2 6(4, Tt^iSjii 

it}*tU47 , 64SWU^nA\ 

Ll>o BaSt^-f > K-> 1 2 6(4, 
A7"J7fe 7 7 4, SWS 1 2 2 tSMI 1 2 4 H-eS3fc 
L, S^^-ti-So 

[0 0 4 2] 118(4, EI6©iS^I X- I X(C?&ofe« 
•StS<£^UT^S©T-, 12 6(-:^Lfc^-7'f >7 8(4 
H8T-(4 r^j t«l$tlt^5. CCtr, A7^7t7 7 

(4, >7 8*>?»j5&»«(ce«8-rs. St, H8 

CStivC M7-f>78li, SM(S122±(Cfu 
It5o M7^ >7 SftRmw 1 2 2±(rS)S!l>:-4g(4 
^^* 5 , M&^"f >7 8»ao2-rtl(c4c.t V I P A7 



[0 0 4 3] m8iZ7jkir£&K>. Xf}%7 7 4 
> K£ 1 2 6^ft|A0£Iot7"l/- 

s 0 o(i^MAOcDMiiaco^*7n-ro sit 

® 1 2 2 4>JEW4M::J;oT, ££*9 5 %J^±<7)A*7fe 
7 2 2{CctoTS^^tl, Sit® 1 2 4 CD 

ffittA 1 tCAW <T So 1 tt, ««A 1 (DJHia<Dja£ 
^to g»ffll2 4(3DSaAlf5H?ftfe«s A*># 
7 7 (4, E^t® 1 2 2 Cjl<fr, -8B#E8*a 1 2 2 
ilbT^SSR 1 A^rttS*>fcO u t 1 h&So 
[0 0 4 4] CCDcfcoi^ 13 8 £^£-5(3, Xti%7 

nt&mm 1 2 2 ^jgtt® 1 2 4©st^is»?n 

So E«B l 2 2i:glt^n5Si:2a*^ 

ffi 1 2 4 (JDfgajA 2 , A3. A 4 T'g» LfciS&lCRS* 
ffl 1 2 2T*Ett<**U [HMOut 2. Ou t 3. Xtf 

out4^^n§o iSP2it $g«A2<Djga<DjS 

jSP3(4, »|A3(Z)||^M^U 4 

tt»aA3ojaacD^4^-ro ttiMOut2(i N %m 

R2(aot^^tis tf^TfcO u t 3i4, *iR3CJ; 
ot^^ti, ffli])tOu t 414. ^^R4C3J:oT^^ 
tlSo [2 8(4, M*Ou t 0. Out 1 , Ou t 2, 
Out 3s Out40^lt^5^ H$U4, Xtl 
ft7 7<D&tt J $>%.Mmi 2 2, 1 2 4 0[)SW*tcJ;o-C 

t 1, Out2, Out3, Out4®TW^il;fe 
[0 0 4 5] i9lt #«W©*JIHKJBt:ffli^4V I P 

Accctssw^T^Sr^-rs-efeSo H9c«tna, 

&^7>f >7 8 A^ii^< S7fe(4, KtfB 12 4CJ: 

<£^10 0%T&0, *K»Cli5 7— ©«MB*»o 0 
CG>I6** EJtffll 2 2SV1 2 4**#aE#r^ 
t)DtttltlMOu t 1#, #*B9K«4fcj8l^'f >I 
1 fr&fflSJLfc&Oi: LT#/LSC£#fcfcI#So ^ 
(C, ft^fftlCte, ttl**Out 2, Out 3, Out4 

tffiRjft^-f >i k i2, i3, i 4^e>*n^nmw 

U LT#x.SCi:tf£ii*So M&^<4> I 2, 

13, I 4I4> ffk&U > I OO^iftT-feSo 
[0 0 4 6 ] &oT, i9C^tJ:9(^ iu&^-f > I 
1(4, » w >S7^>I0A^2t(D£a[(:»5o t(4, S 
Wffl 1 2 2 i: 1 2 4 ^tf)£gg|£gt-fo PH*£* 
(cfiKS&ja^-f ><4, ^EMcd^^ >^e> 2 t 
(DBEBtC&So {tot, M7^f>I2it m^4> 

1 1 a>£ 2 tcoggatcS)So S(c, sst® 122, jks* 
a 1 2 4£>fiac£ tz>'&m<o%w,m.mz h^j^ 

u t 2(7)&«t4, tliMOu t 1 ct »)*«^o 



WBR 2002-258207 
[0 0 4 7 ] 19C^t<j;o(:> M&?<<>frt><D&t) 

mz, ^iu^^o sciiKit m^4> 

II, 12, 13, I4lt M7^f>I0(O«(ltft 
S<DT', /±5;b7cOu t 0, Outl, Out2, Out 
3 , 0 u t 4 (4, 4 > I 1 . 12, 13, I4tf 

Ht*tt«tl*o. &oT, ^^(CcfcO, A*7t7 7 CD 

[0 0 4 8] *%W<3DH*ByB^T?ffl^^V I PACIt 
V I P A©SW±©^ttT-ft*^to-&l^lfe^* s ^*tl 

ns G v 1 p A<D&to&^<D3kmt. &<d%& (i) -e 

[0049] 2txcos0=mA (1) 

0(4, Jfc]«3ftfc#*<D> fi^ffll 2 2M1 
2 4(CfiK&«9^^1,&eifi*ra«:^-ro Ai4, A** 
©JftSS^-To t(4, SttBl 2 2^12 4 0>IHa>ffi« 

[0 0 5 0]t£oT, t*^S(T% inlcHf*©*****. 

s^m^eiB^isj^^fts-rso Mtc(4, a*"*7 7 

So tfcoT, Hl;®ft©A;fr3fc«U I^7^>7 8A^ 
SK©flfcS#l6lCJfl*K SWffll 22M12 4<&ia 
t:St*-rSo VIPA©S»^^K«t^ts 

^£cD#iPiciItr^t4, fflM^W^ii:^^^ 

[0 0 5 1 ] H 1 Ott, 06CStV I PAOtSI X 

ffl^SA**OAW^Sfc«*S^^*^SV I P ACO 
^tS^r^-rilT'feSo 
[0 0 5 2 ] 0 1 OtCcfcftHU Xtiitl 7(i, HffiU> 

»^ti^o HI 0tc^-Tct-5tcA^^7 7t4, WAV 
4 > 1 2 6<7) r aj (c^LiMllOfSttc**/^— -T 
So A**7 7 tfEWffl 1 2 2 IC-SEWSftfe^ A 
Jl% 7 7 {4, SWS 1 2 4 CAW U EWH 12 4 0) 

rbj (c* LV^«©««**^— t"So HI 0C 

^-Tcfc^tc, AM7 7(t Elt®12 20)I^(:WU 
"C ^ lflD«gft*SfO*«l 3 2(C^oTiit?o 

[0 0 5 3] ftg§^6> 1(4, \j]%7 7**S»ffl 1 2 2 
(CcfcoT-SEW^nfcft. IBIt^-f > K-> 1 2 6£il 

(4, A*/7t7 7#R»B1 2 2 hESt® 1 2 4 co^i:© 

t?*^J;*5C8ft^l/«c«tn«*e)«i:^o ttot, A** 
7 7^ua^[^^ > K ^ 1 2 6^iSoT^b- h*^^tl 



(8) 
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[0 0 5 4 ] 

KmomZftO 1 ^ (a + b) /4 t (2) 

«EoT\ 16-10 tc^-f #$SW<03lifcfK!®T- 

5VIPA*fitU5o VIPAIt A^fTt^^fiS 

RSflRl 2 2 fc 1 2 4a>B-e£*fiSt*£ 

E^CTftU A**7 7©*JRftt:»bTfflnWt:K 

tO. Outl, Out2. Out3, Out4*4filt 

[0 0 5 5] raaqp*j ^{i, HMSfr6«4Lfc 

tH^ftOu t 0, Outl, Out2, Out3, Ou 
t 4tt£-CHIfc#» AM7 7) 

LT^ tfi^Ou tO, OutK Ou t 2. 

Out 3. Out 4(DT~m*. AM7 7©g3Tii: 

[0 0 5 6] *1bVI<DXBM1&-Ctk> XtjftltmmirZ 
[0 0 5 7 ] litAbT, ^Jx.tts 0 6lc^t-cfc-5£, 

2oitfr^fR] (-ratot r ^p^^ffij ) its xt) 

[0 0 5 8] HI Itt, *«W©SOBBJB"CflHr^4VI 
PA^gSS?:^tiT'*^c Ull (A) £<fcft 
tt, ¥ff«16 4(t #^*§^T-&3<r L<, 
«ftfc¥fTtt&fto 0 g*H«l 6 6, 1 6 8HU St£s8 

0>#i£l;:J:{K ¥(t« 1 6 4<Z)SiBCc«ii?)ixSo JESt 
flg 1 6 6, 16 8co-o(£, 1 0 0%T-*0. 

ffe^-oliSlt^^l 0 0%it)/J>^<> 8 0%J;OA 

[0 0 5 9 ] m 1 1 (B) (Ccfcfttt, 16 6,1 

6 8<7)-o(£, -tfSfletlTHaat'J'-f > h'O 1 7 0 £JB 

«-rso mil (b) T^ir&stBfU 6 6(i&i^n, sb 

H^>F^17 0*«Mt« 1 6 4©S»IK 1 6 6 iira 
EfttMl 6 8&, -W£ffloT!Saf'>-f > K->tf¥fT« 



1 6 4±(7)S^SM1 6 8fcPIbffllCJBiS£ftS<fc«5(Cl/ 
^>f > K^fcfc, ¥tT*S 1 6 4 60^t>^fflfJCT-*ff^-r^ 
[0 0 6 0] KWBtfcfc. 

m&l^t, ¥ff« 1 6 4 ^UlCftlL, ¥fr« 1 6 4 

^pfrffil 6 4J±S«tffiofcA**©ll£»i-<to 
[0 0 6 1 ] fllffltSWIKco^SViaftJSff'Jffit) 0 

[o o 6 2] hi i (c) tctna. »Qi»*xiJi 7 2 

tfiltKl 6 6. RlF&mmi 6 6^«l^c¥fTf6 

1 6 4 ©-aud^o aifl»»*j 17211 ?s*r 4 > 

K>>*MtS¥ffffil 6 4(0— «t»»S©-e. #<Z> 

3ft*«'MB(C «c * * O -C * S o 
[0 0 6 3] il 1 (D) tcfctitt* jS0£{£»tfi 1 7 4 

h\ a«»t#] 1 7 2 ^m^\^ti±izm^, &mm 1 6 

6Xfl«FfTl£ 1 6 4 ^Slt^o am&SftJ 1 7 2 (i s 

s.mmi 6 6*mo^^T^egB»*8ife"rcfco(c^ 

*hlT3£:#X iSW3««« 1 7 4 fcfc, ¥*t« 1 6 4<£>_tgtf 
[0 0 6 4 ] RflNc. KttRl 6 8*«M*r4fcS>, £ 

Stll 6 8 1 0 0%cr>SS*^T-fe0. |6j^¥fT 

* 1 6 4<7>affi±tcBBS*^-< > K^3&«ac>»^fc:t4, & 

[oo65] sic sttwitBi i 7 6 &mw&mm 1 7 

4*«fctHH»'>-f > K«5 17 0(t #S9tMl 7 6t"I 
[0 0 6 6 ] **9i©*iil3IIJfiJK!B' , Ctt, Mtik^ 4 > 

[0 0 6 7 ] *%WCDH533IISEff^'r-i±N — o©S8tM 

1 0 0%*«(DS»**^o-o(Z)K«l««CcfcoT*f# 
e>ft£o -OflOSWMl**, St** 9 5%T-^)o 



(9) 
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4M4, viPAi:§3K^n^^tii:Kott^^ct^ 
[0 0 6 8] *%W©S3IBHfflB}BlBt:fflC^SV I P A 

i#iT£o v i p A^siisswsu tnci 

[ 0 0 6 9 ] *«M©HuSBHflBffSffiCC<fcn«, H^CSS 
CKflJqTfiBfcj fctt, **36«ffllBWlcK8ij-r*c:i:**ffl 

ftSt§£»(c(4, ^CE^Jt^ci:^ 8 * fcv^ o 

ftC«£R&&. 
[ 0 0 7 0 ] Ml 2(4, > M»«tSt*t4fe» 
E#rfe?-CI4&<, VIPA6ft»R8J:Ltftffl 

-rat£*©^a*^-r0T-&^o si2(cj;*u4, vi 

PA2 4 0J4, m«*S<fc* 1 0 0%©Ett**J$O^ 

1 (7)gtB2 4 2 ££^9 8 %tf)M8t^££o^ 2 © 
iB2 4 4 ^^o 0 VIPA2 4 0(i, *feJfflSt">-f 
>h'^&^fro VIPA 2 4 0(t lOMCIiRSJ 

[ 0 0 7 1 ] HI 2Cl7^-fcfcd(C, ^li77^M2 4 6 

-h£ft, «»*-f > H«> 2 4 7 6ait«Sl/>X2 
5 OtctoTV I PA2 4 OtMCM^nSo 

VIPA2 4 0(t Mb>X2 5 2CCJ:oT^ 
7-2 5 4(dSl3tt*ixS3 U^ — 5 1 ££«"f 

So 5^—1 5 4(t S«2 5 8iCM^W^7- 
gfl7>2 5 6t'feotti<tK 

[ 0 0 7 2 ] ^7-2 5 4(t **K»U ftU£*U>X 

2 5 2 &iILT-££>3fe* V I PA 2 4 0 Ki££ 0 ^ftfr 

^<£#;i4, VIPA2 4 0^iSWU »Wtf£ 
OH-)2 4 7^e>tUA*nSe JHW^-f > h'^2 4 7 
fr*>mt>2ti*:Mt. HSl/>X2 5 0M3'J/-h 
U>X2 4 8£iI*K 77>f^2 4 6 CS*?ftSo 
[0 0 7 3 ]ffiot, *14, VIPA2 4 0*^tK*$ 
ft, ^7-2 5 4HSIt?tltVIPA2 4 0l:I§o 
^-2 5 4(£fi»<*n&#tt* *fcitA,T-#fe$ISSi: 
IEK#<2iS5&£itiro WTt:|¥«Bfc:Ei£-rs<fc-5fc:. ft 
©R&*«fi^tt, ;7-154J:0PaSCS 
SHUT V I PA 2 4 OCl^o *<0|gfR, 

S o 

[0 0 7 4] 11 3(t H 1 2CDV I PAOSftffilSa* 

I P A 2 4 OlZ&ttmbtlZ&CDtifcTlL-rZo 113C 
^-fcfc^K, VIPA2 4 0lit*-A^x^h 2 6 2© 



£Btt2 6 OSJfclSU Att2 6 0 (47fe£*gir So 1 1 3 
C^«r<fc?(C, Ml/>X2 5 214, V I PA2 4 Ofr 

6 4M2 7 2 (C, 4»1>«R 2 6 6 tt^ 2 7 0 id, JSl> 

^©M2 6 8«^2 7 4ic, ^n^njfift-rso 

Tr> Sl^<Di£g2 6 4(4, W«I2 6 6 i:tt«b 
T, t-A^JiX h 2 6 2CCJ: 0i£l^«2 6 0 (CM 
So Jgi>*<Z>«g2 6 8(4, t'C^S2 6 6 fctt«U 
T, hf— A*:nX h 2 6 2ti*t>m^l5<Dm&2 6 0 (CM 

[0 0 7 5 ] ^^-2 5 4(4, ^©TS&RG)*^!* 
SSStU flllC!)T*ft»<3D3tettx 5 7-2 5 4fr6»C 
«ft£ftSo M(C(4, ituI3tf)M^ VIPAtf3'J^- 
h*^m^-TSo CKJD^U* — G>*I 

■To m»gcDT®#:g(i4, m(:^t§ttlA^i:^it 

So 

[0 0 7 6 ] $jx.(4\ M 1 4 (4, VI P ACD&mcD^ 

msL*7j<irm-t:$>z>o m 1 4tcj;ti«, v i p a 2 4 0 

&£f<£>V I P A(4, =3U^-h7 i 62 7 6, 2 7 8, 2 8 
0*#g-T4o ^tl^n©^ 'J^— h*2 7 6, 2 7 8, 

2 8 0(4, S^^fl^tC^LTl^o t£oT, 
x(4*, =MJ*-h#2 7 6(4, (n+2)fB©T»* 
RO=HJ^-h*t:3Et«iiLTl5 0^ 3'J^-h*278 
(4, (n + 1 ) #B<BT$<!fcR<Z>=i iJ^-h)tM«L 
T4o0, zi U h7t2 8 0(4, nSlroTMS©^ 
■J ^— h*(CJtJjELT^4o ::t\ n(4^^^^To 

3 U^ - h)t2 7 611 M©KMt>2 7 6 a, 2 7 
6b, 2 7 6 c*RfOt©J:LTiS$nt^5o ifll 

a D h>t2 8 0(4, $SM2 8 0 a, 2 80 
b, 2 8 0 c%i$-Di><Dt LT^ftT^So Z.Z.X, 
SSfi£7>2 7 6 a, 2 7 8 a, 2 8 0 a(4, [HJDSJIT- 
&So iSS^C7>2 7 6 b, 2 7 8 b, 2 8 0 b&l5)D$t 
I4f$o (^S^7>2 7 6 a, 2 7 8 a, 2 8 0 acoiS 

Sfcfctsas) o m i 4(c(4, 3o©^§«» 

(4, ffi<OT»*RK:»L-C*«3te*nSo 
[0 0 7 7 ] P&ST^JfcR^J* LTPIUiftgT-S&S 

T% ^-2 5 4(4, *-<&T$#Rfr6<Bft<Z>^*R 

StUTVIPA24 0 £K £ -5 £ "f 

fflifcJU 01 4(C7n-Tcfc-5(C, ;7-2 5 4 0)£»g|5# 

(cMK-TS^CD^^SW^tlSo MK(4, 1211 4T-(4, 
n»J^-h)fc2 7 8©^?7-2 5 4(cjggt^tlSo 
oiC, =J'J^— hrt276, 280(4, ^ — 2 

[ 0 0 7 8] $H^fi:>fc(4, Sii(4^RcDf-^^^4^ 

^T*l^So iai 2SBffi#sa-r-5i:. vi pa2 a o<d 



(10) 



^2 0 0 2 - 2 5 8 2 0 7 



m i <D$m 242^2 (Dmm 244 <Dm<om^ t tm 

[0 0 7 9 ] gc:l¥L<J4, §^ + *;i/£«4*ifr»ftfr 
nti^o v 1 pa2 4 o&m i<Dmm2 4 2 ^§120) 

It® 2 4 4<E>fi3tf)J?£ t fi> ^i^iSStC^-r^^TCD 

8*gjsR#fr v i pa 2 4 ofr^ie] i^tus^ST-tH^na 

cfcoKIS/gU 5 7—2 5 4±T'|WIl:^te§4f#Ocfc 
ttSa^tfJttrV I PA 2 4 0±<£ffi?t<2#;<£>itfTSEgf 

b^iSHolf 2j Sfcfcfc rwDMv^v^FS 

[0 0 8 01 1C, ££>t§-&t::(4, VIPA2 4 0^ 
Ufctt«©*0)JifTffi* (2nt cos6>) 14, 

(tfeiftStC^b^o dT*n(4, ^1(D«@2 4 2 ^^ 
2©*H2 4 4©BIK:ft4*B»©BW*'C»0^ 6>(4^ 

(H7#!H) o 

[0 0 8 1 ]|oT, §^^^;uT-co*iC,^Stc^/St- 
-5«M^C»UT> 2ntcos9^ PI l; 0t?8ft 

a £ cfc a C t l/fc»-&KU4, *i£>*«t»*B-r 4 

£T©*SfiR#<4, VI P A 2 4 Ofr&PfcltitWi*** 
* 5-2 5 4±T?rafcMj£{ftK4#o 0 
[0 0 8 2] fiflAK, ffiftT- 2 mm0>1&Stfl:ft£ (V I 
P A 2 4 Ocoi?^ 1 mm(7)^2fg) S^'Hfff* 1 . 5T* 
&ti(4, 1 0 0GHzHB<D±T©«fi**COlfe{ttc^ 
^CDJeS, VI PA 2 4 0(4, $ES^*7fc£>±T6Q 

[0 0 8 3] S£oT, HI 1 3 (C J; S k , J¥£ t £WDM 
7yf>yo)FSR0ff?l:H«lfe«^ VIPA2 
4 0MMI/>X2 5 2(4, (a) 
$SC»lSt^iSS^^^-2 5 4±CD^2 7 0 C 
(b) &^**)l<DA\,^&<DSMlZMfc? 
SSSiM^-2 5 4±<7)«£2 7 2£Hy&£-y\ 

(c) S^^*;b©JS^ifig©^(c^/S-rsa[g^ 
?:;7-2 5 4±CQ,£2 7 4 (C^m^ * 5 C h frT* # 
So I^t, V I PA 2 4 0*ifflUt«^MO4 

[0 0 8 4 ] 11 1 5(4. **W©*JiaKJB«cj:o-C, J¥ 
£tfr, WDMv^f >^*©F S R<7)J5 ^(Clg^^tlS 

[ 0 0 8 5] aiscstctai:^ £x(D*-+*frtzm 



Tttt^tftV^. HI-, V I P A 2 4 0A«»»*»«-r4 
&^**;UG>«gf5H(4, ^7-2 5 4©1MX&iStH 

izmfct z> z. h(Cct oTis^-r s c fc^T- § So 

[0 0 8 6] 0 1 6 (A) iJcfctfUl 1 6 (B) (4. ^7 

s, 3sacofl]ffi0t-*So 

[0087] 11 6 (A) MB1 6 (B) (4, 01 3 

k, tT-A^^^ h 2 6 2 CD£Eft2 6 0 (CcfcoT^-TS 
#<Z>S^#<Z>&ft2 6 4, W«fi2 6 6, SWJSl^ 
C7)^S2 6 8C0Mff^fRj^:^r^T-^MLt^So 
[ 0 0 8 8] 016 (A) £J;ft«, 5 5—2 5 4(4, 

fl^7-t$)^o fl^-^t^h^ tf-A b 

(4t£*iTSo fct, JfictflkittEflU fr"^ /J^^HIPH 
1^(4, HI 6 (A) dTTx-rj;^, ^<E>£iMi4, flB 

[0089] 016 (B) (c£tU4\ 5 5-2 5 4(4, 
M55 — X$>2><> C£l 5 ^ — £{£ffl-T£h, 7>ftfcc0^-^i4 
Sfet^o t£oT, fro* 'h£^Pi 

tr, ^WiC^o 5 5-2 5 4#GflSUD»&fc: 
(4, Ell 6 (B) C^ti:^^ ^<E>KjS(4, iB»Bfr?> 
CD^H-X.. ±fr%afcllSKH4aAa^o 

[0 0 9 0]t£-^T, MS(4, 55-2 5 4(4±fr£fl 
§i:¥@(:ai^o fe£U 5 5- 2 5 4 &±fr <bB£ 

h^iHix(4ej5 5— (ctn$K-rn(4*, ^nfr— &tc5 5— 

T- & £ C k * 7jk f Z t fr Tr£ 3 o 
[ 0 0 9 1 ] M 1 6 (A) RVm 16(B) T"(4, 5 5 
-2 5 4(±MU>X2 5 2<OM^XJ4^«Cfil^ja«C 
Eit§ 0 S£ot, miI3<Z>i§?K 0JA«. 016 (A) 
St/i 1 6 (B) (c^ti^tl^-f J;?(3, 55—2 5 4 
ttflJBfr&H'r, OS*fcJ4IHISt:-r4Cli:fr-C#So 
fl5 7-»4«ft»**Jtff**. EJ5 5-i4^S7>t5(^ 
»'>**4fr, («») fr^IE (Sfflr) 

1"SCk/) 5 tB*So S(CI¥U<(4, fl5 5-(4, HcDTj 
fpjHA#^7>iiC*4C, EI5 5-(4, ft<D*lR|t:/h*l^ 

^»*^i:^frs wtftm^jEizmztZo cni4, e 

^COS^fr, {pi|@fr^B^5 5-Offl^CDM&^^L 

[ 0 0 9 2 ] m 1 7(4, ftm<Dfe&£.ttir2>V I P A 2 

4 0^e>©M©(tHtfl4*t^77t'feSo 0 1 7fr 

[ 0 0 9 3 ] SSiiVI P AeCctoT^JSESnfe**© 
tU»fti:a)BI«J4«ffJT-tt«c^O-e, 5 5-2 5 4 kL 
T¥E5 5-, iimc0fl®^5-, SfcttitW^CflaS 

5 — *f$fflLT^SPS»3i4, iftS^»(4-o(7)«[S^fSt 
t-^Cii&^^^o c<7)5KS»SScC*s(tS^J»^(4, 
±{i^7>^k^nSo 



(11) 



^12 0 0 2-2 582 0 7 



[0 0 9 4 ] -j&K, Ml 6 (A) Mil 6 (B) iz 

(£)7t$0 ■ (l-f- ( l/R) ) oc^s^tfc 

f(4, Efil/>X2 5 2(DM&$&M*^L, R 
(4, ^7-2 5 4©»^*Ito 
[0 0 9 5] 118(t ftl&CDfcmzttt&V I P A 2 

$12 8 4lt HI 7(DftlS2 8 2 CDflIM£« L£&<£T- 
&3o 12 1 8frt>frfr%£olz^ ftftmt-fe-Ztete 

So 

[0 0 9 6] m 1 9(4, ^StcttLTSiC (3) (7) ( 1 
-f • (1/R) ) ©3M^t^77t^§o MdS¥ 

l<*4, it^2 8 6(i, ^m^^-com^ay^miznt 

S (l-f • (l/R) ) ©^77f$>§ (ffl**fl 
(4, "oo" (Mm*) ) o itS2 8 8(4, GO® ^ ^— CO 

m&nwimztt-rz ( i -f • ( i/R) ) (Dtf^yx 
&s mm^mt, ) o if«2 9 0(t o®^ 
-©•^©afiKJt-r* d-f • (i/R) ) ©^-5 

[0 0 9 7] i20it il6 (A) &J;T>*[2 1 6 

(b) te£<D&otemw<D&&i£tt*z&Mft&*n<-t 
r^y-e&Zo ^7-2 5 4(1 

®(DftB^7>-, ¥B;7- SlfScHflDKIH^-- T- 
£>£ 0 MC»L<tt, ffl»2 9 2lt ^7-2 5 4M 

t'*§o ETO2 9 4(4, ^7-2 5 4ffl^7-t?* 

2 9 6it ^-2 5 

[0 0 9 8] -JlStfjK, a« 2 9 2 , 294, 296 

a, msm& (3) iz&ztiz&oiz, ^wtui 8 

iUl^o ;g(::l¥L<i4, 9 2(411 1 8(C^f 

«2 8 4 ^:, HI 9 £5**6*8 2 9 0 LTO 
So tf6££2 9 4(4, HI 1 8(c^-TttJB2 8 4^, El 1 9 
(C7^-fil^2 8 6©«*gLt^5o ffi*£2 9 6(4, 0 
1 8(C7Tx-Tffl^2 8 4 12 1 9(C^rB^2 8 8©f 

[0 0 9 9 ] [22 03^?)»3!)>5<t7^ ;7-2 5 6 h 

C©J:a&«fi»»<DffiR«c?5Fffili, ^-254 

[0 1 0 0] 12 2 1(4, »fi(C*t-rS»5S3<0 (l-f 
• ( 1/R) ) <Dti&U2 9 8S$t^77t'$)§o -« 
(C(4, 12 2 1 £>tfS$$ 2 9 8 (4, [2 18 OEftl^ 2 8 4SS 



^Ufe^^DTr^So ee-^T, 122 2<D(&$&3 0 OlC^f- 
cfco(c, (2 2 l£>?$t££J#o^-(4, -5£<Dffift#fS 

4^1; -So 

[0101] ^J^(4, M 2 3 (4, »5£ 3 U fro 

»S#fiMe#- 2 5 0 0 p s/nmtte%£ot£frf&^ 

(mm <D-m*7r^mx&>%o 023*^ 
1 p AcDnftm*. ccDmm^n^^izu^xo 

tc, VI PAi:^7- l£&m#)lz§iW£tiX^2><> zlz 
«R»»S»*«f^« 2 5 0 0 p s/ 

nm) d^TSfcAMCte, £)ff£tt(4, CODKffitCg 

[0 10 2] S£ N *«W<0HMHe»t?»4. KfcSiftft 

tfftO^ #8HK- 5 0 0 p s/nmM+ 1 5 0 0 p s 
/nm^^ J;?&fiLBT-fcfcKrBfci:I2 2 S<D&otzT&tk 
^&oTt^So 122 5©ct-5(C, 4££7}iStfS#Mfre> 

[0 10 3] Sfc, C<2<fc?&3&7C<2#BJ<B^--£ 

3 *7cjpx«-e a 1 -emua*:©*** 
jnx-rn(4^^ 0 tK^ct^^S'ioaaxufc ^ ^— as 

f - ^ ^ -^ffi^Ta 7 x , ^ ;i/ >y ;u # ^ 7s * ife fcf^B 
Au^A l«cif(3!>*JB J ?'R«ft:*Ji«t&*©± 

[0 10 4] Mtc. nwt:«s»«&prs-rs&K)«c 

(4, B5IB3^7cC0lN£tc® ^ ^ — ^BijIBSfffitcSS^^ 
fpj, -Tftfc*), V I P A(0^7>a!(^fRl(C^LTSie^?j 

HISJBSB-Cttx V I P ACD^7>^lpl^WUTSiS*^ 

So pJi!j^-y-s^PS(4, ^ixiiu-r^^^^-h^- 

* ft iTT- £(C|S^r S C i: ^ S T'^ 5 i)-TX?4? 



(12) 



«M» 2002-258207 



&ftt^ 

[0 10 5] CCST-SiWUT#fc*^©*Jfi 
[0 10 7] #J5«lBfc:*^-rW:> V I PAtl/>Xi: 

^-^©r^(c. v i p A©«^K^iPi^»bTaa:ft» 
tcctna, v i p A<z>«#«#i*oic#LTatt&#fiu 

<D^fb#ft£oTt^CDT% iKS^giCXD-^OjEAS: 

[0108] &tc. v i p AcDftfrmxfaizttLxmm 

[0109] 027, H28&. *«WO±l3JRat:* 
-^<*IK»»*« , rBI"C**o 127 (A) lZ7jk£tlZ> 
cto(C, iffi*>?,a5k, VIPA 3 0 7 ^6©HJM 

«S(Cctora«i:a*iRiic36ai$ixao 

X3 0 8tMl, ¥ff¥«3 1 0£^UT\ 3 ^tc ^ 

-3 0 9±tf)gft£^K&fc£ cfc?fCft£CDT*. 

2 7 (B) tt, V I PA 3 0 7 0)ft#iS#ftfr£Jifc0 

jSft#fatc#tt5t£ft£o 

[0 110]*SHff5Sflt U>X 3 0 8 i:;7- 3 
0 9 fc(0M<c¥ff¥«3 1 0tf»ASfttt>So ¥ff¥ 



fr<bft£o ft*5, ffiCttGe^GaAsSiftiffl^SC: 

6 ft * s»i»itiijs a j jk«<* n-c l * * o 

[0111] CCT% 02 8 (A) K^TcfcoKW^ 
1310^ l/>X8^e>^*:»lt^ VIPA 
3 0 KDfaftWilifaZ 1 2 K#UTSitfc#|nIfc:«)K3 

fi:UtVIPA3 0 7CD^7>^^fp]3 1 2(C*fLTM 

ttft*iqnc. j:oT¥ff^3te8S-rn3 i 4 

*#3&7G^ 7-3 0 9©*f©ja£3fc***V I PA 

3 o Tcfl^RfciiafitMitgscfcic&So 

T. V I P A 3 0 7 tC £oT^#i££ft£^Mfi<27te£ 
3&tl^ v-3 0 9 (3^TT, g«*SWVIPA3 
0 7 (CAtl^C hiCctoT, P/f^ 

g-SgCDft?:, V I P A3 0 7(Dft#R#|pfli:ttSififc 
JjfalZttb LX 3&5t^ 7— 3 09C^T^C^iao 

[0112] 

nlxsin^l^n2xsin02 (4) 

n i : xmmnwmffim, e 1 : ai^s, n 2 : as* 

MEH©H«r*. 6> 2 : tBItAK 

ni3 i 4£pr*-r*cfca*w*Bfc&4o ft*>\ ^ib^ 

BE3 1 3 £^x.3C£(Cj; 0, ffjIB^gg^n*3 1 4# 

U$9feK)^ iSttJa«S^K*#A4«t -5*3^7-3 0 
9 5#g* s &£o C(Dcfc?fc:ii^fti£g#tSc 

— <DtiLW&fflft£.niPt<1Z <T&ft£ft^o mit3£iS£ 
[0 113] 128 (B) iZ^T <fc-5k:iw83£JK 

ttCfltr*©****!*** 1 . 5xio-4 (/°C) 

SMW-rSWJWfSKfctt, '>ft < tsbS&ffifn^+J--^ 
* ft if 0)iaiK-fe >Vt b — ^ ^^^^ x^^p ft if coin 
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[0 1 14] CCT\ ^Jxii'^S 1528nmhl56 

3 nmT-iiS i ©B«f*tt*tl*il3 . 4 7 9 5 8, 

3. 4 7 6 6 6T-»0, Jfflflf 0 . 0 0 3gffifc'h 
Ctofctf), 0»J*.(iS i0)JRff**5 0mm, ftK£ 

4 0 BEftWfc 4: ftSS iTtiStig* 8 // miiKT?ft 
0, HuiB3»:7cCD^i«ffi^^--A s lmm^fcO 2 0 0 0 

2 p s/nmgJK©«ft»«CD^b«b^x.?>n& 

[0115] kc. ±e«Mu^tt®MMjA«ac*t-«fe 

[0 116]*HWIt'(t l/>X3 0 8 ^^7-3 

o 9 fc©n«c**aBW*«ft»***r*aw»»* 

e>%§2tt07'JXA3 15. 3 16S^ a^lc^frfr 
^»CEIUfe^ft< h& loW±(?)7UXA»3 
17i)^titl^o 7UXA3 15, 3 1 6 ttffiffl 

3o &*5. {fetc&Ge^GaAs&h**^£C 
g5o 7UXA3 15, 3 1 6 0ffiffi£ti:R«tt£J|lR 

XUXA3 1 5t« Lfcftfcfc, il©X'JXA3 15 
tC^UT¥ff*^^W»^uM(CKg^tlfe^2^^U 
XA 3 1 6tc«fctK SKiJ!<Z)*|pItlRlUfi»JB*f*n* 
0DT% eSWCXUXAJt3 1 7£M^LT£;fcte[^D 
SfilCjifco V I P ACDftfr&JjfalZMLXmmtzJSfa 

[0117]::T'SL RS4 3 
X'JXA3 15, 3 1 6<Z>X'JXAftfcB*r3£*OSl; 
T. XUXA3 15, 3 1 SCctotjfcWIfftSftK 

44fe»> S1©X'JXA3 1 5£cfcoT* &$ft£>ft 

V I P A^^^^^fpJlcWLTStfi^^fSlCC, 
R(CcfcoT¥tTlC#S?g<rtl3 1 9tf4b5o 
[0118] SK, 13 OtC^TcfcolC-^cOXUXA 

XAW3 1 7CDfflm3 1 8^Sx.4C^(aD, ftt&T 

ni3 i 9 ftnraE-ra»6 s tB*So ruhbxuxa 

^rt 3 1 7(DFa1Pi3 1 8*^iSCi:CCcfc 0, fftlBft&g-f 
* ^-3 0 9%&m£-&Z>>&S&&%o Z<D£otzMM 



X'JXA*T3 1 7 ©MSB 3 1 8fc^-(Z>{ftB&rai$«C 
»3&^*Wtt(i3&e>ft^o mjIBX';XA^3 1 7 0>HR3 

ftl^o H3 1 CStioC, t^X'JXA«3 1 7 

Sft»£#LTl8 0iK[Elte2#ac:fctc«fc!). i£Stc 

-C&Za mjg3X'JXA*f3 1 7 i*a*FiStt> 

BW (CB»f^©SJK^tt^ 1 . 5X10- 4 (/°C) fc* 

**^bu 3tess-rtt* j ^b-r^*3*n* s s>**^ buSbx 

UXA0>aK*«iJ»rsiW»*BftHCfiA*c4:t:j; 
& < * a £ffitiv?>tr-- * x * & h'(7)^jg-fe >-tr i: t — 

s -fe > it ^ ? # 6 n fc as © fa * - £ J c « o £ a i z t u m 

[0119] CCT% «*K, $11 5 2 8 nm£: 1 5 
6 3 nmfliS i ODBWliliSMLfc 5 tc, Zti^ti 
3. 47958, 3. 47666 T'^D, BWitt 
0. 0 0 3SJKfc/h*^o CCDfztb, #Jx.tfX';XAft 
/)U4g, ryXAWfiDHi^SOmmefcbttjfeB 
fnittl*12/zmiK'CftD, 8533 3 &tg<D#J*H 
^ 1 mmSf;D 2 0 0 0 ps/nmi:^ < gfti 

-f Settle Ufci:lT*l*2 5 p s/nmSJKGDi&g 

[0120] ski, ±ia*jfc»»©iaiHja*»*-r4fc 

[0121] *H«iiBJBT*(i^ U>X3 0 8 ^^^~3 
0 9^«C, V I P AOftftWLl5n\ l Ztt\sXmm.tS:1i 
|q|K:ft»«*#r S2tt©EHfrtt? 3 2 0, 3 2 1 *. 

ln]flr<&^W3 2 2tf#A*htlr^o *HiEff^T-ttx 
M?3 2 0, 3 2 1 i: Lt^tSSftWttK 

ft art? i *©ifii«fa*A**5^aiafflor u-x h xu- 

rO^ffll^o Xb-XKXU-f-f >X(i> 

^3 2 0, 3 2 10!)nia<CUtR«^JIIIR^&tt«SM > 

[0 122] CCT> U>X3 o 8*»e><z>m**i*, 
l^Hirrfe^S 2 OtCcfcO. SC^5SriH5Lt"^cfca*^ 
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t&^3 2 0, 3 2 lfcfc, figfiJ-rsffiSflftttfXU— Xift 

ts?3 2 ot^LT^tT^o^wroisstiaB^nfc 

Sg2©E#rf&^3 2 ICtO, 3Jg$©#fttc[S]U£tt 
aurfcrtttElfctfiRitcjitf. viPAroMKSipH: 

[0 12 3] CCTrSfe, »JC5i»e.W€)*»a«t-5t:, 
WftiiSfttCj^T'gfotK tgl©IIl#rt&^3 2 0C 
<fcoT, &«fi©ftttl£]W^£ftJSA s ll&'K HI 2 ©0 
«f« : F3 2 lCiD, SJSi5»©»|qIt:i^Ue»ElW*n 
£©T% IfcSIUffDJCV I PACDft#fR#|S]lC*rLTSig% 
*|qUc, «*©*g«c«fco-c¥fTK*!&-fft3 2 

D o 

[0124] 

s i n/? = N xmx A ( 5 ) 

nx s i n0b = s i n (0b + /3) (6) 

0 : N : i£teS£ Ife 9 ©$*&, m : Jfcft, 

n : a#r#, <9 b : 

MC, 03 3{c^-r<t-5{c-^C0ia^t&^ 3 2 1 ¥ 

©HKR3 2 3 4£;t4c:i:{c:«fctK ^SS-fttfl: 3 2 4 £ 
W^-TSCfctf-eSS. jtuSBEWt&^tt 3 2 2 © 

^PI3 2 3 £'£x.5Cfclcj;'K milBftSS-fftS 2 4 # 
SftU $ll#a!cxP-X£'£{b£-y-i>ci:#tbi*3 

LSofctfu ««J&*g#**-5-;*.S«fc-5£5 7— 3 0 
3 2 2©ESRi3 2 3 i: $ 7-£D{uS*l«]B#Cffil*^ia(i 

«ce>&^. mmvri&?M3 2 2©nhr3 2 3 zmzz 

fc, E3 4(C^^ftSJ;d(C, ISEflrtS^ttS 2 2 
SSlcttL-T 1 8 0f8.®&£itZ>Z.tlz£t), jgftjcj;-? 
T^iES^n3 2 4 ££D£-a-&75f|pj£j£(;:;*-e\ 
&©<«# (iSS^iC^P-r) <DlE&*£z_Z>CL£i>t>f 

m-e$>z, 0 mmm&*tt3 2 2 zmfcgitzfimz. 
tio-eaa^. st, miaiawts^w 3 2 2©»« 10 

-)&{c0^f&^©01ffft(iaffi«#t£ C i:* 5 ^ 
<, )lll©£S'£{b#&5Ja£ttaigt3<fcoT0#T£iA s 



■fev-y-A^e.ffp.ntaswtt^-^ic^oia tJragfc • 

[0125] *£SI(SBffi«c:«fcft«, #J;ttf$*&4 0 0 
#/mnu U«fiSiF©Htf* 1 . 5 4, XU-Xft3 
9. 4Jgi: Lfei§-g\ 7b-X$Slil 5 4 6 nmJ:fe 
»K ^©0#Tft«;3 8. 2Kh&3<> CTxiiStfrfS^W 
©HSPi#2 5mmt'l^<tt ) > 1 5 2 8 nmi: 1 
5 6 3 nmT:t*ft8&-f ftSJig*7 2 OjumaatA^ 
<s 8933 3 5 5— # 1 om^fc>) 8 0 0 p 

s/nmCDtfc-C^ottl^S 7 7 p s/nmMffl 

-rifltli, mfifibfcO. 06ps/nm!/km 

©««#«*□— rs^t-a-iKKj&SM ft? 2 9 0 k 

[0 12 6] 0#rf&^2+3 2 2ta?T > Rfilc 

t>^AHC^D-C«S^-i!(* s t)^A^C^D5A s . VI PA 
K«fcoT£U£$g#l»fciti&LT+#/J>£l>©^^ig 
trt. ICMtl&l^T-ti, ^©ttfi^tt©^ 
7-3 0 9©*M£il«Sb^«WJ&»fi#fc*-5-;t*C: 

[0 12 7] g=fc x «fi«-«©flflS (SS7>MSCXP- 
r) ©iEA*^x.5ffe©^SCou-CS'J©*SEff5®?:lft 
BJi-T-So @3 5ll *#PJ3©fMSB!®£^-f0T-&-5o 

[0128] #|5»fc<§T-{±, V I P A(DftftWLl3$HZ 

Cft («A«A, B) *'J>fc< fc*2 
Jil±*-TS 2«C©[S^TtS? 3 2 5, 3 2 6 *. SlUC^ 
fT*>o,£*rauc@BS Lfc0>fc < h& 1 ofcl±©0#r*&^ 
*T3 2 7 *ffl^S„ **JE^T-«±, miiE©*Sffi)f5*Si: 

03 6£^r«fc-5lCRlHlW« : P*f3 2 7 £f£«fr 
iKgCJ;-DT^S&-rn3 2 8 

Mtct-schtCcfctK i£il7>$t©<H;s (ilM^p- 
X) ©iEH^tEASdfctf-C**. Htif30#rt&^*f 3 2 

7 *mmz -ttzfimt. mmisfz^^-tDusm^&tm 

©Tftt&^o ls]#f16 : Ft:a»*Sitft^»*#-r 4 «fc d & 

[0129] mc, a*«-»&«r*-r*fl&©*is»c:o^ 

T4»»l©3llfiiBffll*»iW-r4. 03 7St>'03 8(i, * 
^©gi|©HflEff^*^-r0T-«5o ^H5SffJ®T-«±, 

v i p Annftmjjfaiztti'-znntQizmmteftfaizft 

7>S!C^^U, 3&>oft«-»©R3Ee5«ft©««**f 4 2 
tt©[Hlfiffe-T3 2 9, 3 3 0 $:, HM:¥ff*oMft 
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V-X ft ZZ£l,Z£^xnm.-X: 
#5. ZZX, ISlHl#f1S^M3 3 1 Z&mZitZZtlZ 

Buia[H]#Tt&^W3 3 1 Z&m£itZ> 

[0 13 0] Buaufe*03&><iD3ficjfiSS8-ci±, Htfrl&iP 

^ffl»-&Ctt, l/>X3O8A>f.0tBi)*lt ftl©® 
«TfST 3 3 3(C<tO, »5£7£«J£-rS«fc5fc#lRjt:|Hl 

ffigij & m&r % ft & c isiif -r * «ju*s & ®«f 

<, c©«g&:ru-Xttgi:Bf.Ss 0 |U*t*S?3 3 3, 

lftA s ofe7t(i x »*W(ci!lilSroilIt(ftSTi:|Bl«ic, ft 
1 ©0#rt§^ 3 3 3 CJ*LT¥fT*»oj£*tffc©{ttBt:K 
§£ft£ft2©|n|#rt&^ 3 3 4lc£ 0, SS3t©^|qI(c 
l@lb^(t[l*T$tirflAS5©-r% msikffiHzmmm^tt 3 
3 5«:iiiiLT*^(ilH)D^|^tCilitfo VIPAffl^ 
ic^|fi|(cWUTSit%^|pl«c*!!)«ji»(ix iv-309 

[0131] ft5$7*>£>tE<3*>&<fc-5^ 
®«rfttti8*t:J:-3T ft 1 ©EAtIS^ 3 3 3t 
iot, &*S©ifefcJ:EMlT-f ■5fcft* J ll*i:l>, ft2fflll 
Jfr«^3 3 4C«t!), SK^®^(r]{C[5I tfcltdW^n 

*>©•*:% eswtv i p AoftftmftmizMLxmmte 

*IrHC, &❖©&*££ oT¥firC7fcSg "fix 3 3 7 
[0132] 

s ino+s in/? = NxmxA • • • • (7) 
6b- (a + 0) /2 ■ • ■ ■ (8) 

a : Xmft. 0 : Mffifts N : &©?»# 

ft, m : &ft, (9 b : 7^-Xft 

SC, SWSffl0«f^T-S.oTt,-^O@*T^3 3 

M3 3 5©R3Hi3 3 6 £ x -5 c i: tc J; <j , *RfHfl 
3 3 7*nF&-f4.ii:*«tg4. 
[0133] C©fl!i, ^©(DANS-?^, cosA-7 



i>» ^nmmmxtt, m4v>7?>( j*mzm 1 1 
aims^x n-r*j*fli$ ntz as** sir t) m-r c 

[0 1 3 4] HI4 Ott, ±E2SflUB»Ki3<r*T\ <B«#c 
4 0l:St^U-f-( > 3 4 2{C[S]^-dTU->X8 

i>6ffittShfe*»ii, ru-x^i/-f-f>^3 4 

0M3 4 1 tmmtZZtlzZt), <SjKflci£t4«t££ 

fjunsfi-s. d©as««e#tt»5fe*nifii-rafc«)t:3 5 
0K5*-r«jteiate3ii : F*Stt4o 3^^7-3091; 

J;oTS«U &«*5#«©«#£«ircfcl:, lift® 
$5*^3 5 0C<fcoT9 ORBSE;***. (H3fe[l]fe^ 
fc^-fSMI^S 5 0, WxlSA/4il« J f>777x- 

[0 13 5] Z(D£oiZ. ffitiHtimtiiLffiX- 9 OS® 

ciSffli^gi^^a^fciaD, n& -affiles 
©a^(c«fc5«^©jiv\ -r*t»*>. (#e>ti*)t©^ia 

[0136]B41tt, **WOlWB»»fc*V^T*t: 

T-Pltgfc-r^fctoWfgfiK^^t-lltrfe^o M4 1 (A) 
Mi4 1 (B) ICtf"J\ 2W®yu-rr/y3 6 2 
£EB-*-**£«fc»K ^i/-TOW3 6 2t-yi/- 
f-f>^3 4 2©?Sft«-ftXD-7'pr^ttH{c^-7-b 

ie © « ft t> » x □ - 7- ^ m mm iz rt * tb * * n h g * * -r 

2K<fc»)&ft©fl&-S>3te©3teE&tC;t7-fe>7 h^^-xfc 

7l/-fr/^W3 4 2©F^Pi3 4 3 SrJS^tcraS 
f^Ci:(cJ:»3, S*S&S©^©JfeSS 
435M^*TtB^L, 3&7C57-3 0 9tcSTSCJ: 
A s f±l3fei.o Sfe, HH3 4 3*9JCDlSIKICift£Lfcfc§ 
JftS©S*5^©7fc8Stt35S^*-r{C 3^7c5 5 — 
3 0 9l:*t5Ci:l:45o d©J;-5(c, F E gp§3 4 3£ 

g-TSCi:7!)Stti*^©<^-t-{±^<, 3»;%?7-309 

[oi3 7ii4 2«, ni4i (Dmmmmcommx^ 

So H4 2 (A) M'i4 2 (B) fC^"T, HI 4 1 
(A) Mi4 1 (B) ffl^U-r-f >^3 6 U34 
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3t53^H££^t-3C£#WH&£&3o SH^JgUHiHI 4 1 
©»#fcratrc*Os yu-rO^3 7 2 i:3 7 0l; 

>^3 7 1 t3 7 0COHPS3 4 3 £W£ir£»tC «fc D, 
&i£g©rt* s 3tf;5£$7-3 0 9t:afc4«Sf3 4 4 £ 

tons] @43it ^m<Dm(Dmmmm^-rm 
-<?tiMiM#£D3©-c:% !&5£9©«fc-5C{ftfflM£;W5£© 

m * i©^* £ iSJIft i: 1" 5 C h A*liS3fc£> * ©T- $> -5 . 
[0139] C©x->iD>yi/-f-f >^*ffl^fcS 
l/>X3 0 84>?.fflfflMit IB 1 ®[p]#Tf& : P 

nt - (txcos0 + dxsin 
n : Elf$, t : SS, 0 : @te^> d : EHfffc^CIH 
IBs m : A : Kg 

MIC -£©111^^4 3 9£, ^ff4ffiofe*S^Uj 
S-H-S&ifLT, Hflrf&^fcH 4 0©F^Pi4 4 1 ^$X. 
SCfc£J;tK 7tS§Tfi«4 4 2 *aJ%Hr % Z % 

o 

[0 14 2] &t5, >7(Dt§-&lC 

«\ ®WiT££ftAM5«it3l7 f j|q]&©T-, miiailflflS? 
*f4 4 0 6DF s g|!i4 4 1 SrSx.SC^iC.tt), BMlB^SSt* 

ft&#*.SJ;-5fc:5 7 — 3 0 9 4Ii$t*M* ! ^ 
gxfcHC, $7-3 0 9 lCjg^#ft©^^uSA s ;>lf; 

[0143] *HSfiffJ®(c J;*ifc£, m«lfll*T«-y©IHI 
Pll/znu ISAMS? ©@H 3 . 4 4>um> H#Tf&^©ffi 
mm I. 4 5 £ L&«^, ^ito^3ilii7fe©&*(* 1 5 
4 6nmt!5;4, W^tflaHfH&^ttOWKW 2 5mmt 
'Jm* < T&s ifcft 1528nmi:1563 nmT-ti:)fc!S 
fixMI^9 4 0 MmSfifc^i? <» wI33*7C©# 
Itm S. A ! 1 ramlfct) 8 0 0 p s/n m©£-fbT-£> 
^T*«^7 5 0 p s / nmm.&<D®.&ft®l<D$Htm.* 



4 3 81:^0, RSC9*«S-ra«t-5a»lSlt:ill«r* 
*U #S&tfE&#3.> C©i:#s iW : F4 3 8, 4 3 9 

i-scs^aeucattix-c^ao iff x^xmt^ti^t 

l©Hl$r*&^4 3 8(C^L-C¥ff A>o,£*tffc©{£Sl;:SE 
g£ftfcgt2©HHJTte^ 4 3 9(Cj;0v 3lgi£©#|S]tC 

4 0 4«iSL-C*Jtettl5ll;jEilqlCjt!tr. VIPA©M 
*#fl£ttLTfiS&*fa£##ii«>«, w-309 

[0 14 0] CCT-Sfc, 9 ti> 5 IZ. 

HW^fiiSStcfcot^toOx SB l©[H]#rf§^4 3 8tc 
iot, &&S©ftl;ilI]lffih3^JgA s li&'K IB 2 ©Hi 
#r*&^ 4 3 9t;:J;<3, U&®.<Dj3Jpllzmb1zl,fmffi£ti 
•5©T% $a^S\J(CV I PAfflft^i(S|fi|tWltil% 
^fcC, ^^©^StZ^oT^tffC^SSf h4 4 2 
IS -2) o 

[0141] 

0) - m x A .... (9) 

iUf; 0 . 0 6ps/nm 2 /km©$Mi!(Xa-7 o 
£*lT3-fl§ffJ&SMFT-3 6 0 kmWIiU 

[0144] £ 0 4 3 ©3Mfcjf5!BB\ 04 K 42 

[0145] £tz, **B!a)lBIB*IIHB«^tt, V I P 
Ate, *Sfilft§it^g^IS:J$o 0 09*«, Hi 7 
I*. *€:K»-r4R»Bll 22M12 4 St$oV I P 
A7 6^to fc/£U VI PA4 N K»H*««-r* 

*K V I P Atta«j3EcSWffl«:^oT^«i:»n(i«c&«i: 

[0146] *«WOH!fIBIlJKffJJB-Ctt, V I P 

07lt S»ffit«poaW#-5^* 1 2 0$Ix.feV I 

PA76^^to fcfiu KWEiPHm-rafeto^. v 

tr ( z J: o T Pi m f -2) * i: L T IB 5E f S C 4: & T- # ^> o 
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[0 14 7]$fc, VIP A&mmt, V I P AfflSM 

ffi©fflK»*ffi»fflJ?3fcH#f*fc:«fc-3-cS«i:*. H 
(C, VIPAffllffiiftllt V I P A©igK£3> h D 

- ;u -r -s c: t tc «t o t mm iz mm -r a c t # r- # •& „ 

[0 14 8] WlSJWUtiot:, *^BB©HtJS3^SSffJ 

s^-isc a — y % % * * ;kd mmm iz a ^ x m m 

SUft^. VlPAlt HMt£-r > l">ft«fo 

r^-c*«t<x v i PAO&affioKattt* «f^<o«t: 

[0149] (#831) #*Stt8l»K :**ttWJ-fS 
ftSr-aAilJtSSWD, A2/7t©^fiJ5t*£fT ot, 

^•7i-ah7M (VIPA) VIPAtCfc 

nfeSHMSVIPACMU ^tltcioTRW-^tlfe 
m*Jt* s V I P ArtT-^SSWSSIt-C. VIPA*?. 
jlil^SrilDTtB^nS «fc -5 tt5 $7-T*^, 
V I PAK«fc4«#K;fr|Sj(c:*tL-c:, VIPAfr6©m 
^J^tcg^fttc ct 6 iTBS-5£©«fi7>iS( £#x. 3 J; -5 & 
SttSSU *>oV I PA0Mii!Slpll:«btllI6<] 
(cSifi75c^|Rj{c«U-C, »a4»fi»«*4*5M4 
#UW5;7-^ il/>XJ:5 7-i:fflfflt, VI 
PAO^|^»*[qI{cWL-CliaW«C||ffi>&:*l^{C, 

Si:, JtBS1*n«*pT*-r4*Si:*fflli» Tfess-rn* 

& -r * c t * t -r a s § o 

[0 15 0] (ttt&2) ffit&VIPA<Dfta&ftGUZft 

u-cn«W{caig36t*r^t:$5-fcpr»u iviPA 

fre. © ttJ* ft tc A & 5 $ StIS* * # x. 4 c i: © X # 4 rT 

»ffi*S£«* a ci:4Hf«fc -raft-SB i t;:S3tt©$§ 

So 

[0 15 1] (#13 3) HyfB7fcgS-rtlS:^U$-B:5#© 

fflSBv i p AoftfttikxmzMLxmKmzmmte 

■3^ffi;(cfiegLfe'>«c < ti> 1 oj^±coi5]#TtS- : F«T- 
[0 15 2] (ttSB 4 ) mlB^SSrtlS^D^* s^s 



A 5 , ituSBV I PA©fc#R*fiiu:*tbT*»fl«jfc:SiStt 
#ft<c£i#ftSc£Wr&2t${©[5]#Tl£^£, S^CTfT* 
oja^ftCBIB < t> 1 oJ.;l±ffl[5]#Tf§^*K- 

»*>» REHJre^tt&jteKKJt-u-r i 8 ommmmtz 

JS»{C$*, &ft7}itfcCDM£ («l7}iXD-7) ©Eft 

t>7fcS&-f*lS£5T£r-5C £*&&£? £,#83 1 (CS3© 

[0 15 3] (#135) m8B3tlSm*4i:*-li-**S 
#> liflffiVI PA©ft#tt#faK#LT*»&JK:Sfc«i: 

2oJM±*r4 2«f©lsl*TlS^4:, 5^(C 

£ o T TtSgr ft D * tt 4 73 IrI T z> z £ IZ <fc 
t>> ««7>t!fXP-7-©IEft&^Xi.h±t[c N mwts^ 

Mcmw^s^.'Scfctij; »)M68S-rn«ftnr*-rsz:fc 

[0 15 4] (#136) fflg33te8S1*n&^li**«*S 
A s > bmIBV I PA©^7>^77(pjtc^bTHS^(cSia^ 

«r»i:-r-5#aa 1 «cib*©^So 

[0155] (#137) S93Bftda*S^frSfc«) 
iC, mJlBlHlWt&^Oiai^SrfeOTraf&JfiEq^H&MlCfiHX. 

acii:S:^ssi:-r-5#i33~6©^-rn^ i otaa*© 
[0156] (#13 8) mimmm^tm'^^mtm 

i: * ttft 4: r 4 #13 3 ~ 6 © i> f ti A- 1 o C S3*© SE 

go 

(#SB9) mlSBls]#Tl&T'i!) 5 , igigM©XU-X K y V- 
t- l > 7 X & -5 Z t £ t Z> #83 8 iz I3«©^ Ho 
[0157] (#S3 1 0 ) mmVrfe+fiK R^S©7 

v-x >vx$>zz£%&m£-rzmz8 

(cSB«©^So 

(#83 1 1) Hu33l!Wt&?#, JgiMS©^«>xD>^b 

*f >yr-$>S)-5ci:*^i;ra#SB3~6©^-r 

tlA^ lo(c83ffi©^So 

[0 15 8] (#131 2) 8iJ«a7tB&-rn&^b$*4#- 
mK JB*r*tt«73-» & * f 4 A 1 & fc 4 'J>«e < 

i:* 1 Olil±©^f¥«-C*'3> RtJaBb >XA^©/±i77 
^(C^r58S¥ff¥IS©ftSS;Bw83V I P A©^t>I»77 
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[0159] (ttiBi 3) lWffijteBmafcfijSK-r* 
«*ei 4) mmKs&rtutZibzvz^&tiK js#t^ 

1 (c§3«©£tgo 

[0 16 0] (ftlBl 5) S5fB*l^-rtl«:3feC.^*5^ 

tilottlcr'JXAjj-Cft!), Rr'JXA^SitBSt: 
MIT 1 8 0 11 & Chic J: *K j&fttCcfcoTft 

IBfJcD^So 

[0161] (ftiB i 6 ) HuiajfcES-r nsfc^jeic-ra 

SC^S^Sth-rSftlBl 4*fcl±l 5tIB«©^So 
(ttlBl 7) HUlB¥ff¥^^fci±ru>CACD3SB^»*4*s 

Si. Ge, G a.As(D\,^-mfr-X:&Z>Z£%:ftM£T 
Zttm 1 4 icfcli 1 5 {CI3«offi^go 
[0 16 2] (mil 8) miIB#BS-fft££ 

So 
So 

[0163] (ttSB 2 0 ) tt!3 1 (Ca3«©5&g£*g« 
(ttIB 2 1 ) JB 1 ©#- h tm 2 h U KfB 

2©tf- hfr£©ft£i£^5^Wx©fg2©tf- hffl 
[0 16 4] (M§3 2 2) M-IB2 HCiS^T, m%&? 



[0 1 6 5] 

[^ffi©1S#^iJiB^] 

[an &ftm*®mi-z>tztbcD5Lfrwig[i£i,T{§im? 

[[212] «£*6D|51«rt&??fe^-ri2|T**5o 

[03] (A) mii[4ii:5SPI6!]^U-rOy 

*fiES£^-t0T-$>£ o 

(b> iEmftwi&ikbz&mmri'-Ti >7Mmwz 

HIT' 35 -So 

[HI4] V I PA*lHfc«fi#»*Si;58I*mt 
[115] 7 7-f^tO«»CJ;S«fi^«Stf«fi»»^ 

[16] #!6W©-£flSJISflBfc:«fc«V I PA^^tif 
[H7] **WO-m«HBJSt:J;«SI6CDV I P A£!¥ 
[0 8] *«SJ©-SIJIBJBffit:«fe-5 0 6t:^-rv I PA 

©his i x - i xc}&ofc«t»ffflH*^-ri2it?*a. 

[B9] *$fiifl<©-SSffiJfcm:J;-S, VIPACi^t 

[110] *«WO-^l|yKaiC«fc4, AA)tffli§« 
Jg£ifc£-r-5fctf>©, H16 CStV I P A©jfij£I X- 
I Xti&ofc«|fB*mtiatSi4. 

[011] (A), (B) , (C) , (D) {*> JfrfSBg 
©-HSfiff^tCfc^V I PA^it5M**t|-E 

[HI 2] #3*B.8©-f|ifcfl2JSlCJ;3> D£ 

itztztbnnassi&tLxv i PAS^itsssss 
-r0-c-*So 

[013] **flB©-*«aB]«c:«t*» 01 2{c^-r^ 

S©fW£l¥*fflJc^-f0T-;fc6o 

[0 1 4 ] *ftwa>-nmBmiz£z. vipa©^f?$ 

[015] *^©-HS(g^tc<t5, i£S#S!l^fi* 

[016] (a) rv (b) (±, *%m<Dib<D&mzm 

ft£#f8t£-t2-5£to(CV I P A^fffl Ufcl^g 
©fllffl0T*$>So 

[017] *^©-HiSffJ<g(cj;§, Amoftftfc:** 
t% V I P A©Mfflttl^SStit-*5, 

[018] *fSW©-*ISJB»t:«ta, ftm©$fitc*f 
t5V I PACDft»StS^t@t«5. 

[019] *#6B^©-j^j}teff^t:«tS, V I PA£«!ffl 
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[02 0] #SBH£©HiffiJfJ*iK < fcS, VIPASMfflt 

[i2 1] ^OilBfCt^, VIPA^fflt 

[02 2] *«W©*«UB»t«t4» VIPA4{£ffl?- 

[02 3] *9tm<DXWmiZ*.Z. VIPA^fflt 

[02 4] *&m<DXMmm£.*i* VIPA«t 

[02 5] *.$&WomMBmAZ£Z. VIPAitfflt 
S^g©^ 7— ©Br®*^"T0T-fe?) O 

[02 6] ««#»i:*ft#«*n-:7:&»a:fc:prS-r 
•2. #> © a t8/5)c % m 1 0 "C -5 o 

[02 7] (A) *«W©-*«y^JBt:«fc-5, Jftft»« 

fc»g#«x n-:r£«&K«sgr 

ffliJH^^-T0T-$)-5o 

xD-7"*ai:tcpr^-rsfc«)©^g©gB^±ffl*^-r 

0T-$>5o 

[028] (a) (B) xmm-nffiMmvi&z,, m 
tfomftm.* p - 7*$kmz pt^ * & tz #>©$§« 
©gp^-±ffis^-r0T-fe^o 

[02 9] *^©-|lj5iJf$*i(cJ;S, as^ffictttft 
#»CX D - 7'1t®&\Z pJ^-T -5 fc tf)©3£B©gl5#±B * 

^-r0T-$>€> o 

[03 0] *«W«D-*MHe«CJ;4, »g#»fc»ft 
# ft x d - X 4 83 £ C pj * f S fc to © S E © SB # ± S * 

[03 1] *«W©-miyeJBtcj;S, 

Km. * □ - pt^ r * t th ©^ ■ ©si5#± a & 

[03 2] *#6M©-^ffi3K!BK:«ta, i&H^MittiSft 
^-T0T'$>§o 

[03 3] *«W©-HifiJB!»t:«t4, iSg^MJttKS 
[03 4] *«W©-5llfiJB«t:<t4. «fi#»i:«fi 

#ftxD-x£a£Cnr^-r sfc©©^g©S5#±a& 



[03 5] *««BO-HlliJB«C<t*, te&ftmtfcm 

#ft*p-x£a#tc^ir3;fc©©i&B©a$#±a£ 

^-f 0T-&-5o 

[03 6] *3*HJJ©-Hli£B<ifc:<fc3, i&S^ftt&JI 
[03 7] *«W©-HiMS^JBic«tS. KS^ftfciSe 

p - rsafit: pm-r s t to©^g©gp^±a £ 
^-T0-es>So 

[03 8] *IPJ3©-Sii&B!iK:«fc3, »fi«-ttfc«g 
[03 9] #«iil!©— f5J6J&®£<fc%* Sfifl-SScfciftg 

[04 0] *^Bfl©-5Ufi^t:«t5, iSS^«i:»S 
^t"0t:S> ; 5o 

[04 1] *$PJJ©-3yfcff2*ifc:«fc-5, igft^iici:»S 
#ftX P - x*a pTS -T -5 fe »©^S©gP^±® * 
^-f0t?£>£o 

[04 2] *«w©-^«sJBJBtc:j;s^ m&fi-mtmm 
m x p - x s a £ ic pt s -f 3 tz #> © ^ s © a$ # ± a £ 
m1-0r-$)5o 

[04 3] *«flBflD— *JBB»t:J:*» i£ll#SSti:$;S 

<§©si5#± a * ^ -r 0 t- * -a o 
m^©i&w] 

3 0 7 V I PA 

3 0 8 U>X 

3 0 9 3&^t$ v — 

3 1 o w-nms. 

3 15,316 

3 1 7 X'JXAtt 

320, 3 2 K 325, 326, 329, 330, 3 
40, 341, 360, 361, 370, 371, 37 

2 mmmyu— x =7-4 >^ 

322, 327, 3 3 1, 335, 342, 362, 4 

4 0 yi/-f-f>yw 

3 3 3, 3 3 4 SitS^U — XH^U— T^-f >^ 

3 5 0 <1^0te*^ 

4 3 8, 4 3 9 i'>iP>^l/-r-f >X 
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